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Patients affected by cancer may develop several arrhythmias, including nonvalvular atrial fibrillation (AF).\[[@ref1][@ref2]\] Information on the prevalence of AF in this clinical setting is poor. In an epidemiological study enrolling 24,125 patients, 2.4% of patients presented long-lasting, persistent AF at the time of cancer diagnosis and 1.8% developed new-onset AF during cancer therapy.\[[@ref3]\] Of interest, cancer patients with AF had a two-fold increased risk of thromboembolic events and a six-fold higher risk of heart failure, even after adjustment for cardiovascular risk factors.\[[@ref3]\]

Although persistent AF may be evident before cancer diagnosis (long-lasting AF according to the European Society of Cardiology \[ESC\] guidelines),\[[@ref1]\] various neoplasms may be associated with paroxysmal, persistent, or permanent AF in cancer patients.\[[@ref4]\] AF may appear as a direct effect of cancer (extracardiac compression or intracardiac localization), or, more frequently, after surgery, in particular as complication of thoracic (lung and esophageal cancer) or abdominal (colon cancer) surgery.\[[@ref5]\] AF may have its onset also during/after cancer therapies (chemotherapy and radiotherapy). This latter condition is underevaluated because information on drug-induced AF substantially derives from isolated reports, and comprehensive data on the real prevalence of cancer drug-induced AF are lacking.\[[@ref2][@ref5][@ref6]\]

AF creates important problems for both therapeutic management and prognosis in cancer patients.\[[@ref3][@ref7][@ref8]\] The anticoagulation of cancer patients presenting AF is a main problem because of the difficult balance between thromboembolic and bleeding risks. Both these risks are elevated in cancer patients, due to the cancer itself and the effect of cancer therapy. A 2016 ESC position paper on anticancer therapies and cardiovascular toxicity has highlighted the difficulties in the pharmacologic management of cancer patients presenting nonvalvular AF.\[[@ref2]\]

Cancer medications may produce nonvalvular AF through various mechanisms. The most common factors include release of proinflammatory substances (cytokines), calcium homeostasis alterations, and direct damage on the myocardium.\[[@ref9]\] Anthracyclines reduce the antioxidant effect on cardiomyocytes\[[@ref5][@ref6]\] and increase vagal and adrenergic tones, because of hypotension, myocardial ischemia, and electrolyte abnormalities. These mechanisms are also induced by alkylating agents, gemcitabine, 5-fluorouracil, antimetabolites, docetaxel, rituximab, paclitaxel, and alemtuzumab.\[[@ref9]\]
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Nonvalvular AF in cancer patients needs a multidisciplinary approach. First, it is mandatory to identify patients more prone to AF development, such as those affected by arterial hypertension, diabetes, or coronary artery disease. Patients at elevated risk for AF should be treated by cancer drugs which are known to be less aggressive and poorly associated with AF.

When AF occurs during cancer therapy, the decision whether to continue, adjust the dosage, or withdraw cancer medications is fundamental. Particular attention will be taken to achieve an optimal control of heart rate and to restore normal sinus rhythm with antiarrhythmic drugs, mainly amiodarone. A complete echo Doppler will be performed before starting antiarrhythmic treatment to unmask possible left ventricular (LV) systolic and/or diastolic dysfunction and/or coexisting valvular heart disease.\[[@ref10]\] This echocardiographic assessment is also important to determine the pretest probability of sinus rhythm restoration and establish optimal cardiac treatment choice.
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A comprehensive echo Doppler examination is mandatory in any kind of AF, including cancer patients who present this arrhythmia. The echocardiographic assessment is important to identify the eventual sources of emboli in left atrial (LA) cavity, mainly the transesophageal echocardiography (TEE), but also to predict the subsequent development of heart failure. This evaluation is particularly important in cancer patients undergoing cancer therapy to graduate anticoagulation and to prevent and manage symptoms/signs of heart failure. The main measurements to be quantified in the report include LV mass index, ejection fraction (EF), and, whenever available, global longitudinal strain as parameters of LV systolic function and E velocity deceleration time, E/e\' ratio, LA volume index (LAVi), and tricuspid regurgitation velocity as the main parameters of diastolic function. Among these parameters, considering the poor reproducibility of both LV mass and LV-EF measurements,\[[@ref11][@ref12]\] E/e\' ratio, which has a good interobserver variability,\[[@ref13]\] and LAVi \[[Figure 1](#F1){ref-type="fig"}\], which is the best and direct expression of LA remodeling and reflects the chronic burden of both LA function and pressure,\[[@ref14]\] should always be preferred. Despite very promising in this clinical setting,\[[@ref15][@ref16][@ref17]\] LA strain \[[Figure 2](#F2){ref-type="fig"}\] is actually limited to reference echo laboratories by the poor availability of speckle tracking echocardiography software needed for its calculation. Several prospective studies tested the predictive value of different echocardiographic parameters, independently of clinical risk profile, versus the incidence of thromboembolic events.\[[@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] TEE-determined LA appendage abnormalities, such as presence of thrombi, dense spontaneous LA echo-contrast and low appendage flow velocities, have shown strong predictive values against thromboembolic events at follow-up.\[[@ref24][@ref25][@ref26]\]

![Left atrial dilation in a breast cancer patient with paroxysmal atrial fibrillation. In the top, transmitral pattern showing the absence of A velocity due to atrial fibrillation. In the bottom, left atrial volume in apical four-chamber (left) and two-chamber (right) part. Left atrial volume index is 46.2 ml/m^2^](JCE-30-33-g001){#F1}

![Reduction of left atrial strain in apical two-chamber view in a patient with chronic lymphatic leukemia experiencing paroxysmal atrial fibrillation during ibrutinib therapy](JCE-30-33-g002){#F2}

Some echo parameters have been applied to cancer patients experiencing AF. Among these, atrial electromechanical delay has been successfully used to predict AF in 53 patients with breast cancer (48 ± 8 years old) who received 240 mg/m^2^ of Adriamycin, 2400 mg/m^2^ of cyclophosphamide, and 960 mg/m^2^ of paclitaxel.\[[@ref27]\] Notably, in this study, left intra-atrial and interatrial electromechanical intervals were prolonged and LV diastolic function was impaired. The authors concluded that impaired LV relaxation and LA electrical conduction could be contributing to the development of AF in this clinical setting.

Most of echocardiographic studies in cancer patients with AF involved the prediction of postsurgery AF. In 134 patients undergoing lobectomy or pneumonectomy for lung cancer, at the multivariate analysis, only LA area enlargement was an independent prognostic factor for postoperative AF.\[[@ref28]\] In 126 patients with lung cancer who underwent a lobectomy, the area under the receiver operating characteristic curve for E/e\' ratio to predict postoperative AF after pulmonary resection for lung cancer was 0.83 (95% confidence interval: 0.74--0.92; *P* \< 0.001).\[[@ref29]\] It is also of interest that in 191 neoplastic patients who had undergone anatomic lung or esophageal resection, the incidence of postoperative AF in the presence of LAVi ≥34 mL/m^2^ was 37% (11/30) and greater than in those with LAVi \<34 mL/m^2^ (14%, 22/160; *P* = 0.002).\[[@ref30]\] Older age was significantly associated with greater β-blocker use and LA volume and lower LA emptying fraction. On multivariate analysis, lower LA emptying fraction and preoperative use of β-blockers were the only independent risk factors associated with postoperative AF. Combined, these studies demonstrate that echo predictors of LA mechanical dysfunction might have clinical usefulness in stratifying the risk of patients in whom postoperative AF is more likely to develop and would benefit from prevention strategies.

Accordingly, in cancer patients experiencing AF, a careful assessment of LA size and function should always be planned to predict the possible recurrence of AF paroxysmal episodes. Dealing with this issue, the possible role of LA strain, despite its limited availability, should not be underestimated. Of note, LA remodeling as characterized by LA strain and myocardial calibrated integrated backscatter, suggestive of myocardial fibrosis, occurs in adult survivors of childhood cancers, thus demonstrating the capacity in predicting new-onset nonvalvular AF in this clinical setting.\[[@ref31]\]
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According to the ESC guidelines,\[[@ref32]\] electrical cardioversion can be considered also in cancer patients with paroxysmal AF. Pretreatment with amiodarone *per os* during the anticoagulation period can increase this procedure efficacy.\[[@ref32]\] In relation with the cancer-related high thromboembolic risk, the performance of a TEE precardioversion is highly encouraged in this clinical setting to detect possible thrombi in LA appendage. The performance of a preelectrical cardioversion TEE is particularly advisable when choosing an anticoagulant with fast onset, e.g., 4 h after a single dose of a new oral anticoagulant drug. This approach has recently been validated for rivaroxaban\[[@ref33]\] and is now available also using edoxaban with the same strategy.\[[@ref34]\] This approach could be particularly promoted in cancer patients who develop new-onset paroxysmal AF in relation with the use of ibrutinib, an inhibitor of Bruton kinases, recently approved for the treatment of chronic lymphatic leukemia, Waldenstrom\'s macroglobulinemia, and second-line therapy of mantle cell lymphoma. This drug has been found to be responsible for AF but has also shown to easily increase the bleeding risk, because of a platelet function defect, in three different clinical trials.\[[@ref35][@ref36][@ref37]\] Under these circumstances, the adoption of a fast and short anticoagulation could be a winning strategy to restore sinus rhythm, thus allowing to restart cancer therapy with the same drug but, possibly, at a lower dosage.
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The echocardiographic evaluation has a pivotal importance in cancer patients affected from any kind of nonvalvular AF. This is due to several reasons which should correspond to subsequent, well-established items \[[Table 1](#T1){ref-type="table"}\], also following European Association of Cardiovascular Imaging (EACVI) standardization of the echo report.\[[@ref38]\] First, the echo examination, in particular TEE, is fundamental to identify the possible sources of systemic embolism in a clinical setting, which is very prone to the thrombotic risk. In addition, some echo LA parameters such LA size (mainly LAVi) and function (LA emptying fraction or, better, LA strain) become even more important than in cancer-free AF patients in the prediction of sinus rhythm restoration and/or AF recurrence in patients who have recovered their normal rhythm. This is in fact a key action, not only from the cardiologic point of view but also for the oncologic perspectives in individual situations. Patients with larger left atrium and more impaired LA function should be addressed toward a less aggressive cancer treatment, with drugs which are not associated or are poorly related with the risk of AF development. A correct and comprehensive echocardiographic assessment could even induce the oncologist to change the cancer management balancing the oncologic and the cardiac risk, taking well into account that the thrombotic and the bleeding complications exert an equal burden in this delicate clinical setting.

###### 

Main items of the echo Doppler examination in cancer patients with nonvalvular atrial fibrillation

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Search cardiac sources of systemic emboli (use TEE before electrical cardioversion of paroxysmal AF)
  2\. Measure LV mass and relative wall thickness to provide information on LV geometry
  3\. Measure LV-EF and, whenever available, GLS to provide information on LV systolic function
  4\. Measure transmitral E/A ratio, E velocity DT, e' velocity of mitral annulus, E/e' ratio, and TR velocity to classify LV diastolic function and degree of LV filling pressures
  5\. Measure LAVi, LA emptying fraction and, whenever available, LA strain to provide information on LA size and function
  6\. Search concomitant valvular heart disease
  7\. Consider all these measurements to address the choice of oncologist (dose adjustment of cancer therapy, temporary interruption, and definitive withdrawn)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DT=Deceleration time, EF=Ejection fraction, GLS=Global longitudinal strain, LA=Left atrial, LV=Left ventricular, TR=Tricuspid regurgitation, TEE=Transesophageal echocardiography, AF=Atrial fibrillation, LAVi=LA volume index
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